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Health and Human Performance

Liquid Carbohydrate Ingestion and Subsequent Effect on Soccer Skill Performance
Director; Brent C. Rubi

This random, double-blind, repeated measures stucfy examined the effects of ingesting a carbohydrate
(CHO) beverage on the skill performance of soccer players from a collegiate varsity soccer team following
an intra-squad match 90 minutes in duration. Eight feinales (mean age=22.25±4.77 years, mean body
weight = 65.57± 7.06 kg) volunteered as subjects. Using a double blind, repeated measures design, players
ingested either a 7% carbohydrate (0.7 g kg ' BW, dextrose solution) or placebo solution before the match
(time 0) and at regular intervals (22:30,45:00,82:30) during the match and immediately following the
match (time 105:00). Although blood glucose showed a significant increase during each triaf
concentration was significantly higher at half time (66.0 -16.7 vs. 94.9* 20.3 mg dl ’ for the placebo and
CHO trials, respectively) and following the match (70.0*9.6 vs. 95.0*13.5 mgdl^ for the placebo and CHO
trials, respectively) during the CHO trial. Regardless, CHO ingestion did not improve shooting, dribbling,
or receiving ability during a standardized skills test conducted immediately following the match. Ratings
of Perceived Exertion (RPE) were similar between the CHO and placebo trials. Perceptual measures from
the Exercise-Induced Feeling Inventory (EFl), indicated that subjects experienced no significant differences
in revitalization or tranquihty scales between trials. Positive engagement showed a significant increase
from pre to post match values for both trials but was not significantly different between trials. Ratings of
physical exhaustion were significantly increased during the placebo trial (1.7±0.8 and 2.6±0.9 for pre and
post match, respectively) yet remained unchanged during the CHO trial (2.5±0.9 and 2.2±1.3 for pre and
post match, respectively). These data indicate that although CHO ingestion maintains blood glucose and
may decrease ratings of physical exhaustion, the benefits of CHO traditionally associated with endurance
exercise may be less applicable during the skills of soccer.
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CHAPTER ONE

INTRODUCTION

Soccer is one of the most popular sports in the world. As of 1996, there were 120 milUon
registered soccer players participating across the globe (Ekblom, 1996). In European countries, soccer is
known as football and has been popular for over a century On the South American continent, soccer or
fiitbol also dominates the sports arena.. For the 1990 World Cup, the worldwide TV audience was twice
that for the 1988 Olympics. Countries in Europe and South America have traditionally strong teams that
are now rivaled by teams in Africa and Asia. Worldwide, the sport has enjoyed extensive participation by
males. It’s popularity is rapidly increasing among youth and female athletes (Reilly, 1997). In the U.S.,
youth soccer programs, high school teams, and adult soccer leagues are prevalent. Additionally, hundreds
of intercollegiate soccer programs exist.
In 1848, the basic rules for the sport were formulated in England. The rules have remained the
same except for some modification in 1863. One hundred fifty countries are associated with FIFA
(Federation International de Football Association). Founded m 1904, FIFA is the international governing
body. In 1907, the first international match was plated between Holland and England.
Soccer is a game that involves varying degrees of exercise intensity Heavy physiological
demands, both aerobic and anaerobic, are placed on athletes during a 90-minute match. These demands are
similar between genders (Davis and Brewer, 1993). A change in type or level of activity occurs one every
6 seconds. However, the majority of the exercise associated with soccer is at a submaximal intensity
Several studies have indicated that the average intensity of a soccer match is approximately equivalent to
the lactate threshold (Wisloff, Helgerud, and Hoff, 1998). Sprints occur about once every 90 seconds,
whereas, high-iotensity efforts occur once every 30 seconds. These high-intensity efforts constitute the
anaerobic component of soccer. Rest periods occur an average of 3 seconds for every 2 minutes of
exercise. Field players cover an estimated 8-12 km during a typical match (Reilly, 1997). Higher caliber
or elite athletes cover about 10 km (Wisloff, Helgerud, Hoff, 1998). Only 2% of that distance is in
possession of the ball. The rest of the activity is performed off the ball, with a variety of different activities
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being executed while covering this distance. Within this endurance context are numerous explosive
activities such as jumping, kicking, turning, tackhng, sprinting, and sudden changes of pace. ForceM
muscle contractions are also required for balance and ball control, especially against a defender.
Many physiological responses to match play have been documented by previous studies. The
average heart rate of a soccer athlete dining an actual game is 165 beats per min %approximately 75%
V02max (Reilly, 1997). The mean peak VO2 of elite soccer athletes has been reported to between 5565ml kg ' min ' (Wisloff, Helgerud, and Hoff, 1998). There is some evidence that suggests physiological
demands are different amidst the forward, midfield, and defensive positions. The midfield position
necessitates more activity and therefore higher endurance requirements than the other positions. Many
studies have concluded that midfielders have a higher peak VO2 value when expressed per kilogram of
body weight (Davis et al as cited in Wisloff, Helgerud, and Hoff, 1998).

Despite the 100+ year history of soccer there is limited research on the physical requirements
and optimal training conditions for soccer. The majority of time spent in the sport is devoted to the
development of technical skills. The small amount of research that does exist focuses primarily on the
physiological responses of males during a soccer match. Women’s soccer is now firmly established as a
sport at all levels and only a minimal number of studies have examined the female responses during play.
This preliminary research suggests the physical requirements for both males and females are similar.
Females operate at the same intensity as evidenced by heart rate; require increased level of aerobic
performance, muscle strength, and power, especially in the lower extremities, similar anaerobic
capabilities, and speed. Differences are only found in body fat percentages and obviously the menstrual
cycle.
Besides the physiological aspect of the game, nutrition must also be taken into consideration.
As with any athlete, soccer players must eat a well-balanced diet that includes fats, proteins, carbohydrates,
vitamins, minerals, and water. A sufficient amount of energy is required to support daily activities along
with the training needs of an athlete. Soccer training is considered a high-intensity activity The total
energy expenditure of males can fall between 3150-4300 kcals per day whereas females expend slightly

less (Clark, 1994). In order to maintain this high level of activity, a great amount of energy is needed. The
best source for this energy is carbohydrates (CHO).
Carbohydrates consist of six carbon atoms two hydrogen atoms. This combination of atoms can
adhere to form a chain of carbohydrate molecules ranging from simple to complex. The rapid breakdown
of glucose provides energy via anaerobic glycolysis. Once glucose enters the cell if goes through a series of
chemical reactions with a net production of 2 ATP. The endproduct is pyruvic acid, which combines with
hydrogen to form lactic acid. The entire process is only 30% efficient with the rest of the energy lost as
body heat. There is a high concentration of glycolytic enzymes available for these high-speed reactions,
thus, significant energy is available for muscle contraction. If there is inadequate carbohydrate stores in the
body, the other macronutrients, i.e. fats and proteins, will be used as energy sources.
Numerous studies have found that carbohydrate ingestion both prior to and during aerobic exercise
improves performance (Coggan and Coyle, 1988; Hargreaves et al, 1984; Rauch et al 1995; Wilbur and
Moffatt, 1992). The two main activities of focus in these studies are long-distance running and cycling.
Not only does the supplementary carbohydrate aid performance; it also spares the glycogen stores present
in the skeletal muscles.

PROBLEM
The purpose of this study was to determine the effects of liquid CHO ingestion on the skill ability
of soccer athletes following a simulated match. The specific skills of shooting accuracy, timed dribbling,
and precision of receiving were the focus of the skills test.

SUBPROBLEM
A secondary purpose of this study was to evaluate blood glucose concentration before, during, and
following liquid carbohydrate supplementation.

HYPOTHESES
Hypothesis One
There will be no differences in skill test scores between the CHO and Placebo trial.

Justification
There are a limited number of studies that have focused on the effects of carbohydrates on the
performance of team sports that involve intermittent, high-intensity effort such as basketball, football,
hockey and soccer (Zeederberg et al, 1996; Hawley, et al, 1994). The study conducted by Zeederberg et al
(1996) evaluated the effects of glucose-polymer ingestion on the motor skill proficiencies of soccer athletes
from two South African teams. The teams played each other on two separate occasions. Fifteen minutes
before each match and at halftime the players consumed either a 6.9% caibohydrate-electrolyte solution or
an artificially sweetened placebo. Proficiency in controlling, passing, dribbling, heading, and shooting the
ball was measured using videotapes from the two games. Results fiom that investigation revealed that
carbohydrate ingestion did not favorably affect the ability of the subjects to pass or control the ball. In
addition tackhng, heading, dribbling, or shooting performance was not enhanced with consumption of the
carbohydrate solution. The authors concluded that ingestion of a carbohydrate-electrolyte solution had no
significant effect on skill aptitude of soccer athletes. Thus carbohydrate intake does not augment skül
performance of athletes during match play.

Hypothesis Two
Blood glucose concentration will be increased throughout the CHO trial compared to the placebo
trial.

Justification
In 1988 Coyle and Coggan explored the effects of CHO feedings during high-intensity exercise.
Seven male endurance cyclists were served either a CHO or placebo beverage while exercising at
alternating intensities of peak 60% VO2 and 85% peak VO2 . Throughout the placebo trial, plasma glucose
concentration initially increased but then steadily declined. When the subjects ingested the CHO, blood
glucose increased to ~6mMol by the first 30 minutes and remained elevated at 5.5-6 5 mMol until fatigue.

Another study conducted by Hargreaves, et al (1984) also investigated the effects of CHO
feedings on muscle glycogen utilization and exercise. Ten male subjects exercised for 4 hours on a cycle
ergometer. The experimental group eonsumed a solid meal that consisted of 43 grams of CHO as weU as
fat, protein, and water every hour throughout the bout of exercise. In the control trial subjects were given
400 ml of artificially sweetened drink. The results showed that blood glucose eoncentrations remained
elevated twenty minutes after each CHO feeding but no significant differences were evident by 50 minutes
post feeding. In the 230* minute significant differences were noted between the experimental and control
trials.
Finally, Wilber and Moffat (1992) examined the effects of CHO ingestion on blood glucose and
performance in nmners. Ten male distance nmners volunteered for the study. After a warm-up period on a
treadmill subjects received 125 ml of a 7% flavored CHO solution or an artificially flavored and sweetened
beverage. Exercise resumed and continued until subjects reached exhaustion. Mean glucose concentration
was significantly greater during the CHO trial relative to the placebo trial. Beginning at the 15th minute of
exercise plasma glucose eoncentration climbed above baseline levels ahd increased by 2.0* 0.5 mMol until
exhaustion.

SIGNIFICANCE
In the past, most research that has explored CHO and its effects on athletic performance and
physiology have focused on endurance activities such as Imig-distance nmning and cycling. There is
limited research on CHO and how it may influence the performance of shorter duration, intermittent
activities such as football, basketball, teiuiis and soccer (Zeederberg, et al, 1996; Vergauwen, Brouns, and
Hespel, 1998). Previous soccer-related studies have Centered on the physiology and biomechanics of the
sport (Davis and Brewer, 1993; Ekblom, 1986; Reilly, 1997; and Tumilty, 1993). This study was the first
to integrate soccer and carbohydrate supplementation by investigating the effects of carbohydrate on the
specific soccer skills of shooting, dribbling, and receiving in a skills test administered after an intrasquad
scrimmage.

RATIONALE
Understanding how CHO impacts the capability of athletes to effectively execute the skills related
to a particular sport such as soccer will promote the improvement of nutritional standards and practices for
athletes. The assessment of CHO ingestion and its ensuing effects on the ability of soccer athletes to
perform the skills of shooting, dribbling, and receiving will also yield new insight to training techniques
and nutrition planning employed by soccer coaches. Furthermore, any improvements in skills performance
attributed to CHO supplementation during competition as a result of this investigation will lead to enhanced
abilities of all soccer athletes during a contest

LIMITATIONS
i/ Instrumentation. All instrumentation contains inherent errors. The errors will be minimized by
using trained testers and cahbrated equipment.

ii/ Non-randomized sample. The sample will not be randomly selected. The skills tests
comparison will use the same females. The repeated measures design will eliminate the confounding
variable of player position by having the subjects perform the skills tests more than once.

iii/ Muscle glycogen. This investigation will not use the invasive muscle biopsy procedure to
determine muscle glycogen levels in subjects prior to the physical activity. Existing levels of muscle
glycogen before exercise can affect carbohydrate use and ensuing performance. Subjects will be asked to
fast for 12 hours prior to exercising and data collection.

DELIMITATIONS
i/ Type of subjects. Since the focus of this stutfy is soccer skill proficiency, individuals who posses
the best possible abilities will serve as subjects for this investigation. All subjects will be members of the
women’s soccer team at the University of Montana, Missoula.

ii/ Specific skills. There are five basic skills in the sport of soccer; shooting, passing, dribbling,
heading, and receiving. For the sake of time and substrate utilization considerations the skills of shooting,
dribbling and receiving will be the focus of the skills test.

iii/ Age of subjects. Due to the fact that the subjects are collegiate athletes and coaches age range
will be from 18-32.

iv/ Season. All data collection will take place while the athletes are in off-season training.

CHAPTER TWO

Physiology o f soccer
Soccer is a team sport with 11 players per team. A match is played on a field which is, at most, 68
meters wide and 105 meters long (Ekblom, 1986). One soccer match consists of two halves both 45
minutes each and a fifteen-minute halftime break. There are typical physiological characteristics of soccer
that have been analyzed in previous studies including type of exercise, distance covered, work rate or
intensity, heart rate, body composition, and blood lactate, among many others. Soccer is a high-intensity,
intermittent activity that requires energy fi'om both the aerobic and anaerobic metabohsms (Davis and
Brewer, 1993; Ekblom, 1986; Reilly, 1997). The distance covered during the course of a soccer match will
deviate between players, depending on position. Tlie average distance covered is around 10 km (Tumilty,
1993). Midfielders travel the greatest distance compared to the other field players. Ekblom (1986) supports
this interpretation. In a study of Swedish soccer athletes a half-back covered 9.1 to 9.6 km over 6 games.
A midfielder traveled between 10.2 and 11.1 km. Over a five game period a forward reached values
between 9.8 and 10.6 km.
Another study conducted by Bangsbo, Norregaard, and Thorsoe (1991) explored the activity
profile of 9 professional, Danish male players during a match as well as between matches. The average
distance covered was 10.8 km (range of 9.49-12.93 km). Players covered 5% more distance in the first half
than compared to the second half. Midfielders covered a mean distance of 11.4 km, which was
significantly greater than defenders (10.1 km) and forwards (10.5 km). Other activities analyzed included:
standing still (17.1-1.5%); walking (40.4 - 1.6%); low intensity running (35.1%); and high-intensity
running (8.1%). The quantity of high-intensity exercise between the positions was not considerably
different. Thus, the larger distance traveled by the midfielders consisted of exercise that was lower in
intensity. The reason the midfield position requires more sustained running is because it is the link
between the defense and the scoring attack. The authors also discovered large differences in performance
between individual players tetween matches meaning some players don’t fiilly utilize their physical
capacity in each match. There are several factors that must be regarded when the distance traversed

throughout the duration of a match is considered including opponents, tactics, and the importance of the
game.
As previously stated the majority of the exercise associated with soccer is at submaximal
intensities or around lactate threshold. Tumilty (1993) states that a greater percentage of the distance
covered by midfielders is at a jog compared with the other positions. Forwards sprint for the majority of
distance traveled. The aerobic component of the game is very evident when heart rate is considered. Many
athletes exercise close to their maximal hçart rate for long periods of the match. This corresponds to about
75-80% of maximal oxygen uptake, TOml kg ’min ’ or an average of 165 beats min ' (Ekblom, 1986,
Reilly, 1997).
Body composition is important especially in females when body image issues are prevalent in a
sport. High percentages of body fat are usually associated with poor performance in athletics. Soccer is
not such a sport. In fact, health and performahce may be compromised when body fat percentage falls
below a certain level. In females that particular level is about 12% body fat. Therefore body composition
assessments are necessary for health and performance. Various techniques have been utilized to determine
the body composition for female soccer athletes. Average values have ranged between 19.7 and 22%
(Davis and Brewer, 1993).

Nutritional guidelinesfo r soccer athletes
A balanced diet is the key to optimal performance in any sport. While athletes should be aware of
the well-established concept of good nutrition, inconsistencies do exist between the ideal diet and the foods
actually consumed by the athlete. This discrepancy may be reduced by proper nutritional instraction. The
soccer player must be made familiar with energy demands and foods that provide adequate amounts of
both micro and macronutrients. Unfortunately there is minimal research about dietary habits of soccer
players and the energy demands placed on them by the sport and lifestyles (Brewer, 1994).
The same general nutritional principles that apply to men j^rtain to women but there are other
complications females will encounter. Ehte female players are involved in the sport only on a part-time
basis, even in countries where soccer has been popular for well over a century. This means that a female
soccer athlete will have to balance training with full-time employment as well as family obUgations.
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Although women’s soccer is widely accepted as a sport it is still developing in some countries and there
may be a lack of suitable guidance on nutrition. In this instance the coaching and educational foundation is
less than ideal.
Regardless of gendpr, the nutritional necessities of all soccer athletes should include
carbohydrates, fats, proteins, vitamins, minerals, and water (Clark, 1994). A wide variety of foods is
necessary for players to maintain appropriate body weight. The energy requirements for males fall in the
range of 3150-4300 kcal/day and females are slightly less (Nordiska Naingreikonnendation, 1989 as cited
in Clark, 1994). Reilly and Thomas (1979) estimated daily energy expenditure to be an average 3,550 kcal
in amateur and professional players. The range was 3,100 to 4,050 kcal. The heaviest training and match
day was 4,050 and 3,800 kcal (Rico-Sanz, 1998). In an unpubhshed study by Ekblom and Aginger females
exhausted 1100 kcal during a match (Brewer, 1994). In order to maintain adequate amounts of energy for
training and other daily activities carbohydrates are a crucial component of a soccer athlete’s diet (Brewer,
1994; Clark, 1994). Regular selection of foods that are rich in carbohydrates is important on a daily basis
but it is also frequently neglected (Clark, 1994). As previously mentioned this may be due to lifestyle and
time constraints. Another reason is body image. Perron and Endres (1985) suggest that eating habits
demonstrated by females are controlled more by their desire to be thin rather than to maintain an adequate
intake of energy (as cited by Clark, 1994). In 1993, Clark studied the dietary habits of athletic females in a
variety of sports and found that women tend to maintain high intensity training loads on lower energy
intake. Among the more vital nutrients neglected were vitamins, minerals, proteins, and carbohydrates
(Brewer, 1994). Borgen and Coibin (1987) as cited in Brewer (1994) stated that low energy intake is less
common in the sport of soccer because a low percentage of body fat composition is not thought of as a
significant factor in performance. Davis and Cowles (1989) discovered an infrequent amount of eating
disorders caused by low energy consumption in women’s sports where a low body fat composition was not
regarded as important (Brewer, 1994). Nevertheless, those advising female soccer athletes should stress the
importance of a healthy diet.
There are guidelines female soccer athletes can follow to ensure that they are meeting dietary and
energy requirements. Both prior to and following high-intensity, intermittent activity a soccer player
should consume carbohydrate-rich foods that are easily digested. The glycaemic index is a useful tool for
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guiding athletes toward appropriate food choices. From studies with cyclists, Clark (1994) projected that
200g of high-carbohydrate foods such as bread, fruits, and cereals should be consumed 3-4 hours before a
match. If a player feels hungry as game time approaches 30-60 g of additional carbohydrate until 1 hour
prior to competition. When female soccer athletes train during times when meals are usually prepared or
eaten the tendency is to miss a meal or eat a limited amount Brewer (1994) suggests that players eat
smaller, higher-carbohydrate meals throughout the day in regular intervals.

Muscle glycogen and soccer
Strenuous bouts of exercise require the oxidative metabolism of CHO and lipid substrates to
provide fuel for working muscle. Muscle glycogen in particular is utilized at a rapid rate in anaerobic
glycolysis during high-intensity, intermittent activities (Hargreaves, 1994). Soccer is a sport that has been
characterized as a high-intensity, intermittent activity In 1991, Bangsbo, Norregaard, and Thorsoe studied
the physiological and metabolic responses of soccer athletes using high-intensity running. A single 30second bout of sprinting on a treadmill resulted in signifieant reduction of muscle glycogen. Other studies
have probed the effects of lower intensity, intermittent exercise of longer duration (Essen, 1978; Essen et
al, 1977, as cited in Hargreaves, 1994). Intramuscular glycogen and triglyceride degradation was found in
both type I and type II muscle fibers whereas glucose uptake in the leg and FFA were increased. Rauch et
al (1995) examined the effects of carbohydrate supplementation on muscle glycogen utilization and
performance of 8 endurance cyclists during a 3-hour cycle ride. Results revealed that pre-exercise
glycogen contents were 47- 4% higher at the start of the loading (1 5 3 -9 mmol/kg) trial than at the end of
the norm trial (104- 8 mmol/kg). Nevertheless muscle glycogen concentrations were not significantly
different at the end of the exercise bout. This indicated that more glycogen was expended after loading
with the carbohydrate diet than the standard regimen. Additionally, blood glucose and lactate
concentrations were not considerably altered between the two trials. The authors concluded that increasing
carbohydrate intake by 72% with potato starch increased muscle glycogen stores and that cyclists covered a
greater distance in 60-minutes of exercise following 2 hours of strenuous cycling when pre-exercise
glycogen contents were elevated.
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Based on these explorations it can be expected that soccer athletes rely a deal upon endogenous
energy stores, particularly muscle glycogen, during competition and practice. Karlsson (1969, as cited in
Ekblom, 1986) took direct samples of the vastus laterahs of 6 soccer players. Samples were collected
before, during, and after a soccer match. The results indicated a considerable decrease in muscle glycogen
content. Film analysis of that specific match showed that players with the lowest glycogen content at half
time had a slower average speed and covered less ground than other athletes (Ekblom, 1986). Thus,
glycogen exhaustion is a contributing factor in the onset of fatigue during a soccer match and a limiting
force in the abiUty of soccer athletes to maintain high-intensity running performance, especially during the
latter stages of competition.
The extent of glycogen depletion in the muscles varies depending on the level of competition,
levels of endogenous reserves, training, diet, and environmental conditions (Jacobs et al 1982; Shephard,
1990). Many authors have reported 20-90% muscle glycogen depletion throughout match play Jacobs, et
al (1982) studied 15 soccer athletes from one of Sweden’s top national league teams. Muscle biopsies were
collected and analyzed for muscle fiber type and frequency. Eight of the players agreed to have biopsies
taken on three consecutive days. Day I was immediately after a match. Day II samples were taken the day
after the match, ~3 hours after dinner. The third specimens were collected the next day, after a training
session. Examination of the fiber types revealed that both fibers were equally depleted of glycogen on Day
I. Over the three day period, muscle glycogen levels increased. On Day I, glycogen levels were 63% of
the mean of the observed for the same players in which glycogen reserves had been restored (Day II and
Day III). This increase of glycogen levels was related to the magnitude of glycogen exhaustion during the
match. In other words, the lower absolute glycogen concentration on Day I, the greater the increase in
glycogen 24 hours later. The major finding of this research was the reduction of muscle glycogen levels
after a soccer match. Another observation was that during the 2-day period following the match glycogen
levels increased, but only slightly. Forty-eight hours after competition the mean glycogen concentration
was 72.8 mMol Kg, a value lower than what is usually observed in sedentary individuals.
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Carbohydrate requirements fo r soccer
Due to the limited availability of endogenous muscle and liver glycogen stores and the heavy
demands placed upon these reserves emphasis should be placed on adequate CHO intake for soccer athletes
(Ekblom, 1986; Kirkendall, 1993). It may be difficult for soccer players to maintain adequate liver and
muscle glycogen reserves as a result of busy competition and training schedules, insufficient recovery time
and muscle trauma (Hargreaves, 1994). Subsequently, soccer athletes should be urged to make CHO 55%
of their total energy intake. As CHO requirements increase so should the CHO intake. Consuming a
moderate to high CHO diet is beneficial in ensuring reasonable amounts of glycogen are available. In
addition athletic performance will be fostered by ingestion of CHO during a match. Leatt and Jabcobs
(1989) found that consumption of glucose polymers during a match reduced muscle glycogen utihzatioa
Kiikendall (1993) also found that running performance was enhanced during the latter stages of a match
during which CHO were ingested by the athletes. Hawley, et al (1994) published a set of nutritional
guidelines based on previous research findings. Some of these guidelines addressed the issue of CHO
including:

1. Intensity and volume of training should be reduced in the 48-72 hours prior to a match to
ensure liver and glycogen stores are at their maximal levels. 10 grams of CHO kg ’ bw ’ day '
should also be consumed during this time.
2. Two or three hours before a match players should consume a small meal consisting of 150-200
grams of CHO.
3. During halftime players should consume 250-400 ml of a 5-7 gram/100 ml maltodextrin
solution containing 20mEq/L of sodium.
4.

Immediately after competition players should ingest a CHO/electrolyte beverage at the rate of
-60 g CHO/hour.

Hawley also advises that soccer athletes ingest 4-5 small meals per day or supplement their diets
with CHO beverages found on the commercial market. This will ensure that players consume enough CHO
throughout the season, especially when they must compete in several successive matches over a short
period of time.
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Shephard (1990) states that prior to and after competition a good mixed diet is optimal, putting
emphasis on CHO. 8g/kg of body weight is recommended. During the 30 minutes prior to and at halftime
of a match 500 ml of a low concentration glucose polymer solution is also suggested.
It has been recommended that individuals participating in activities that promote premature fatigue
due to inadequate blood glucose concentration consume 30-60 grams of CHO/hour. 30 grams/hour may be
acquired by ingesting a 2% solution. However, the athlete’s stomach must be able to empty 1,500 ml/hour.
If 60 grams/hour is required gastric emptying must occur at an unreasonable rate of 3,000 ml/hour. The
normal rate of gastric emptying is between 600-1,000 ml/hour during physical activity (Shepard, 1990). A
more concentrated solution can yield the CHO needed. 1,000 ml/hour of a 6% solution, 750 ml/hour of a
7% solution, 600 ml/hour of an 8% solution results in 60 grams of CHO per hour. By consuming a 6-10%
solution most players will meet their CHO needs and receive 600-1,00 ml/hour of fluid (Coyle and
Montain, 1992).

Energy demands o f soccer
It has been estimated that ehte soccer athletes work at a rate ~70% of VO2 peak during a match.
This high work rate over a 90-minute period suggests that a great demand is placed on the metabolic
systems that provide energy for the body. VO2 peak has not been accurately measured during match play
since the procedure for collecting expired air samples would interfere with normal play. Aerobic energy
expenditure can be measured during competition by way of continuous heart rate measurement based on
the relationship between heart rate and VO2 . By using such methods mean values of 75% VO2 peak have
been obtained (Ekblom, 1986). Inaccuracies must be taken into consideration due to the indirect nature of
these measures. VO2 estimations from heart rate data may be overestimated so it is reasonable that the
mean work rate is approximately 70% VOzpeak, which corresponds to 1360 kcal for a 75 kg person with a
maximum oxygen uptake of 60ml/kg/min (Bangsbo, 1994).
The breakdown of ATP and CP provides the energy required for the intense bouts of activity
during a soccer match. CP may be rapidly resynthesized during rest periods and bouts of low intensity
exercise. During three 2-minute intermittent exercise periods pronounced decreases in CP were evident
However at the end of each bout the CP concentrations closely reached pre-exercise levels.
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Blood lactate concentration is often an indicator of the anaerobic energy production in exercise.
Ekblom (1986) reported that the levels of blood lactate in Swedish first division players were 9.5 and 7.2
mMol after the first and second half respectively. Blood lactate may not be an accurate indicator of lactate
production. All of the lactate produced will not appear in the blood because during low-intensity activities
it will be taken up by other tissues such as the liver to aid in additional ATP production. (Bangsbo, 1994)

Blood glucose maintenance during exercise
Endogenous glucose and muscle glycogen are the primary substrates for the body during
prolonged strenuous exercise. When these fuels are depleted fatigue sets in and exercise intensity rapidly
decreases. Increased muscle glycogen before exercise and carbohydrate ingestion during exercise enhances
endurance exercise performance due to maintained carbohydrate availability and oxidation in the latter
stages of exercise. Blood glucose levels are also preserved when carbohydrates are ingested during highitensity exercise. In 1988 Coggan and Coyle studied 7 male endurance cyclists. The subjects completed
two trials in which they were given a carbohydrate or placebo beverage. The trials consisted of alternating
bouts of moderate to high-intensity exercise rmtil fatigue. During the placebo trial glucose increased but
then declined steadily. When carbohydrates were ingested, blood glucose increased significantly
(6mmolI %p<0.05) and remained elevated (5.5-6.5mmoJ l \ p<0.05) throughout exercise. Exercise
performance was also affected by carbohydrate ingestion. Subjects were able to maintain a higher intensity
during the carbohydrate trial. Time to fatigue was 18% greater and total work production was 19% greater
(p<0.05).
Elevated blood glucose concentrations as a result of carbohydrate ingestion during exercise has
also been shown to not affect exercise performance. Riley et al in 1988 investigated the effect of
carbohydrate ingestion after a 21-hour fast. Nine male complete two running trials to exhaustion. There
was no difference to time to exhaustion between the placebo and carbohydrate trials. Blood glucose and
insulin levels increased when carbohydrate was ingested. The authors concluded that glucose polymer
consumption during exercise results in increased carbohydrate utilization but no improvement in exercise
performance was observed.
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More recently Nishibata et al (1993) studied the eflfect of glucose ingestion before and during
daily, repeated exercise. Seven males performed two cycling exercise series. Subjects consumed either a
placebo or carbohydrate drink. During exercise blood glucose concentrations were significantly higher
(p<0.05) when the carbohydrate (5.14 nunol f ’) was ingested than when placebo (4.12nunol l^) was
ingested. Exercise time to exhaustion was not significantly improved between trials when carbohydrate
was consumed (glucose, 92.05 and placebo, 98.07 min). The authors concluded that glucose does not
increase the metabolism of carbohydrate or improve the performance of moderate intensity exercise.

CHAPTER THREE
RESEARCH SETTING
All exercise trials, blood sampling, and skills testing took place at the South Campus soccer field
at the University of Montana, Missoula, Montana. Prior to data collection subject weight (kg) and fluid
preparation occurred in the Human Performance Laboratoiy located in #121 McGill Hall on the campus of
the University of Montana.

SUBJECTS
The subjects for this investigation consisted of 8 female collegiate athletes and coaches of the
varsity soccer team at the University of Montana. All subjects participated on a volunteer basis and were
required to read and sign a University of Montana Human Subject Committee-approved informed consent
form prior to all testing. All subjects were screened to insure they were free from physical conditions that
may have been aggravated by this study. All participants also completed a health history questionnaire.
The members were informed that their results may be obtained upon termination of their involvement in the
experiment.
The participants were asked to refrain from consiunption of alcoholic or caffeinated beverages in
the 12 hours prior to the exercise trials. In addition, the subjects were instructed to fast for 12 hours before
exercise testing.

MEASURES
Skills Test
The five basic skills of shooting, dribbling, passing, heading, and receiving are performed in a
soccer match. It is expected that athletes competing at the collegiate level are proficient at performing
these skills. Lees and Nolan (1998) reviewed the technical performance of the kick which is the most
widely studied soccer skill. The skill of kicking has been shown to develop at an early age. Citing
Bloomfield et al (1979), there are six levels of development of the soccer kick. The stages of development
range from level I, with average age of 3.9 years and the skill of kicking the ball with the knee or leg, to
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level VI with an average age of 11.2 years and displaying the mature kicking pattern in 80% of subjects
that participated. The kick is a skill that develops rapidly between the ages of 4 and 6. Experienced
players appear to possess well-developed skills in kicking. Philhps (1985) also cited in the review,
evaluated kicking consistency in club and eUte players. Both levels of players repeated the skill with little
variation in biomechanics, but the kick was more consistent in the higher-level athletes. McLean and
Tumilty (1993) studied left and right asymmetry in junior players. They discovered that players were equal
in speed and accuracy while performing the chip kick. Conversely, speed and accuracy decreased 16 and
50% respectively in the non-dominant leg when executing a low drive. Conclusively the kick pattern
matures at a young age but it is asymmetrical and breaksdown when speed and accuracy are required.
The researchers in this investigation chose the abilities of shooting, dribbling, and receiving for
measurement in the skills test This skills test battery was based upon a German test designed for sport
students by W. Kuhn in 1978. Kuhn’s test was selected as a model for the testing in this study as it has been
shown to be the most reliable and valid for the objective evaluation of skill performance (Van Rossum and
Wijbenga, 1991). Kuhn’s test is comprised of goal kicking for accuracy, passing for accuracy, slalom
dribble, juggling and a circuit drill. The tests utilized in this study were modified. In order to ensure the
validity of the modified ability testing pre-tests were conducted on two separate occasions. Immediately
following a regularly scheduled practice as conducted by the coaching staff the subjects performed the
series of skills tests. Upon recommendation of the coaching staff the test battery was further modified to
make the shooting and receiving segments more game-like.
For the shooting segment of the skills test each subject started 25 yards away from the goal with a
ball at her feet. On the word “go” the subjects dribbled the ball as fast as possible while maintaining
control to -12 yards fi'om the goal line. A shot was taken into either of the lower comers. Goal hangers
were placed 2 yards in from each post and cones were placed underneath to ensure shots were aimed at the
comers. A time component was also added to make the atmosphere more game like. The theory being that
in a game players are forced to take shots uider pressure.
The dribbling section was strictly a timed trial taken directly from Kuhn’s test. A total of nine
cones were placed 3 yards apart in a straight line. On start signal the participant dribbled the ball, again
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while maintaining control, in between the cones slalom style as fast a possible. The time was recorded in
seconds. Each athlete completed this task once for each day of exercise testing.
The receiving requirement required each subject to stand at the rear of a 4y x 6y grid facing the
front A volunteer researcher stood 10 yards from the front of the grid and served the ball in an overhead
fashion to the subject. As the ball was served the subject ran to middle of the grid to meet the ball while
still in the air and bring it to the ground in one touch. With the ball on the ground the subject played the
ball out of the front of the grid. This process was repeated nine more times for a total of 10 balls served.
The total number of balls properly received and played out was scored. In order to maintain consistency
the same volunteer served the balls to every subject on both days of exercise trials.

Table 1.

Skill Test

Summary of the soccer-skills test battery

Description

Dribbling

Subjects dribbles the ball slalom-style in between
cones placed 3 yards apart as fast as possible

Shooting

Athletes start with ball 25 yards out from goal.
Dribble to 12-yard line and shoot into either comer.
10 shots must be completed in 1:00 or less.

Receiving

Subject stands at rear of 4yx6y grid. The ball is
passed from 10 yard away and player runs to middle
of grid to meet ball and successfully bring it to the
ground.

Dependent Variable

Time

Time and accuracy

Accuracy
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Questionnaire
In addition to the physical skills and physiological measures assessed, subjective ratings of
perceived exertion (RPE) and exercise-induced change in feelings were also evaluated. Subjects completed
the Exercise-Induced Feeling Inventory, developed by Gauvin and Rejeski (1993), at various times
throughout each experimental match. The EFl was developed in response to claims that previous research
instruments attempted to measure mental associations with exercise in response to chronic physical
activity However, the EFI allows for the measure of similar mental response to an acute bout of physical
activity Four sub-scales (positive engagement, revitalization, tranquility, and physical exhaustion) attempt
to provide a comprehensive feelings inventory associated with acute periods of physical activity Subjects
completed the 12-item survey at minute 0:00, minute 45:00, and minute 105:00. Each sub-scale includes 3
independent adjectives that describe from 0 (do not feel) to 4 (feel very strongly) feelings associated with
perceptual changes that may occur in response to exercise. The final score for each sub-scale item was
obtained by averaging the numerical ratings for the three adjectives within a particular subscale.

PRE-TRIAL MEASURES
Blood Sampling
Blood samples were collected and analyzed for glucose concentration prior to the onset of the
exercise trial using the Accu-Chek Advantage portable glucose monitor (Roche Diagnostics, Indianapolis).
A drop of blood was obtained from finger pricks using lancets. The blood samples were applied to test
strips and analyzed. The first questioimaire was also completed and the first of the five beverages were
consumed.

Fluids
The fluids consisted of a 7% dextrose solution based on subject body weight (kg) as weU as a
placebo beverage. Drink volume for each subject was calculated based on a .7/kg/hour dose mixed in the
7% solution. In other words, body weight in kg was multiplied by .7 to yield grams of CHO. That number
was then multiphed by 1.75 to produce the grams of CHO to be given over the exercise period which was
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calculated as 105 minutes. The result from that computation was divided by .07 to generate the total
volume (ml) of solution to be given each of the subjects. That number was rounded up to the nearest whole
number to give the actual dose to be ingested by the athletes. A total volume of 15000 ml or 15 liters of
each solution was prepared in 10-gaUon containers. 1,050 grams or 1.050 kg of maltodextrin was added to
15 liters of water to make the 7% CHO solution. The placebo solution was prepared with 15 liters of water
as well. The artificial sweetener saccharine was added to the placebo mixture to make the taste similar to
that of the CHO liquid and fifty drops of orange colored food dye were added to each of the solutions so
that they had similar tint. The amount of beverage for each subject was predetermined as discussed above
and poured into containers that were marked with the volume, subject’s name, and either A or B for the
appropriate trial.

PROCEDURE
Exercise Protocol
On the day of exercise testing the subjects reported at 0730 after a 12 hour fast in order to
minimize the involvement of endogenous stores of muscle glycogen. After changing into the appropriate
soccer attire the subjects performed a light 20-minute warm-up exercise that consisted of a simple jog and
light passing of the ball. After the researchers were prepared the initial blood samples were collected and
analyzed as described above. The first questionnaire was also completed and the first beverage was
provided. The subjects were randomly selected for each team and the intra-squad scrimmage began on a 35
yard x 44 yard field. The simulated match consisted of two 45-minute halves with a ~20 minute halftime
break to allow for data collection. After 22.5 minutes of play the second drink was supplied and play
continued for the rest of the first half. During the halftime period the second blood samples were taken and
analyzed, the second questionnaire was completed, RPE was recorded, and the third beverage was given.
The subjects resumed play and after 22.5 minutes of scrimmaging the fourth drink was consumed.
Immediately after second-half play ceased the last beverage was distributed for consumption, the final
questionnaire was completed, the post-exercise blood samples were obtained and analyzed, RPE was
recorded, and the skills test was administered.
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The three testing stations were set-up by the researcher during the data collection period instantly
after the exercise trial. Nine cones were placed 3 yards apart in a straight line for dribbling. A 4 yard by 6
yard grid was set-up with cones for the receiving station. For the shooting station ten balls were gathered
25 yards out from the goal and goal hangers were placed 2 yards in from each post in the goal. The skills
test was performed by the subjects as described above. Each subject rotated through the stations in random
order, and the subjects’ performance was scored and recorded.

ANALYSIS OF DATA

Each dependent variable (blood glucose concentration, RPE, and each of EFI sub-scales) was
evaluated over time and across trial using apriori, planned comparisons. By convention, the number of
uncorrected planned comparisons is limited to the degrees of freedom for the difference among the means
(k-1). When the number of comparisons exceeded k-1, the alpha level was adjusted to maintain the
experiment-wise error rate at 0.05. For the dependent variables of blood glucose and each EFI-sub-scale,
seven comparisons were desired. However, the degrees of freedom for each of these variables was 5.
Therefore, alpha was adjusted [(desired alpha level x degrees of freedomj/desired number of comparisons,
(0.05 X 5)/7 = 0.0357]. For the dependent variable of RPE, four comparisons were desired. However, the
degrees of freedom was three. Therefore alpha was adjusted, (0.05 x 3)/4=0.0375). A repeated measures, 1
within (TRIAL) ANOVA was used to determine the differences between the trials on the components of
the skills test (shooting accuracy, shooting time, dribbling proficiency, and receiving ability).

CHAPTER FOUR
The most noteworthy of the results in the current investigation was the blood glucose response
during the CHO and placebo exercise trials. Mean glucose concentration (mg dL^) for the CHO soccer
trial was 83.9-23.5 while the average for placebo was 62.1-16.0. Figure 1 illustrates the differences
throughout the entire exercise bout with the most significant being at the mid and post time points. Pvalues for pre, mid and post time points were p=0.037, p=0.0001, and p=.0002, respectively.
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Figure 1. Blood glucose response during the CHO and placebo soccer match trials. *p<0.05 vs. pre match
values, fp<0.05 vs. placebo match time point
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Ratings of Perceived Exertion (RPE) during the experimental trials were not considerably
different. Md-point ratings were p=0.81 and post-exercise measures were p=0.08 between the CHO and
placebo conditions. Table 2 expresses the means and SD of RPE. There was an increase in perceived
exertion during the CHO match trial although it was trivial. The placebo variance was also minimal and of
no importance.

Table 2.

Ratings of perceived exertion during the CHO and placebo soccer match trials. *p<0.05
vs. pre match values, fp<0.05 vs. placebo match time point.

Trial

Time Points
Mid

Post

CHO

14.1±1.6

15.1±1.0

Placebo

14.2±1.0

14.1±1.2

The subjective ratings from the Exercise-induced Feelings Questionnaire were not substantial
throughout the CHO and placebo soccer match trials (see table 3). P-values from the Revitalization
subscale were 0.53,0.77, and 0.57 for the pre, mid, and post exercise time points respectively.
Comparisons between the placebo trial and time for pre vs. mid and pre vs. post readings of the Tranquility
scale produced p-values of 0.16 and 0.86. CHO trial p-values were 0.09 and 0.26 for pre vs. mid and pre vs.
post, respectively. Along similar lines the Positive Engagement p-values during the Placebo trial were 0.88
for the pre vs. mid comparison. However, the pre vs. post comparison provided a statistically significant pvalue of 0.02. The CHO trial associations were p^O.32 for the pre vs. mid. On the contrary, pre vs. post pvalues were 0.01. Finally the placebo trial of the Physical Exhaustion component produced a p-value of
0.10 for pre vs. mid and p=0.04 for pre vs. post comparisons. P-values for the CHO trial were 0.52 for pre
vs. mid and 0.33 for pre vs. post match time points.
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Table 3.

Subjective ratings from the Exercise Feelings Inventory (EFI) during the CHO and
placebo soccer match trials.

Time Points

Trial
Pre

Mid

Post

REVITALIZATION
CHO

0.89*0.62

1.206*0.92

1.04*1.05

Placebo

1.07*0.46

1,12*1.15

1.21*1.11

TRANQUILITY

CHO

2.96*0.71

2.37*1.02

2.58*0.58

Placebo

2.64*0.69

2.16*1.07

2.58*0.88

POSITIVE ENGAGEMENT

CHO

1.27*0.89

1.58*0.87

2.12*0.76*

Placebo

1.16*0.57

1.21*1.25

1.91*1.22*

CHO

2.58*0.98

2.33*1.18

2.21*1.31

Placebo

1.75*0.81

2.42*0.96

2.58*0.87*

PHYSICAL EXHAUSTION

*p<0.05 vs. pre match values

In spite of the previously-mentioned measures taken to deplete muscle glycogen prior to the skills
test analysis of scores for all three skills revealed that CHO was not beneficial to the skill abihties of
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subjects performing shooting, dribbling, or receiving. Statistical comparisons of the scores from the post
match skills test battery indicated no significant differences between the two experimental conditions.
Mean scores for each variable are depicted in table 4. Between-trial comparison of dribbling (time in
seconds) produced a p-value of 0.91. For the receiving (score out of 10) portion p=0.65. The p-value for
shooting (time in seconds) was 0.09. Shooting accmacy (score of 10) yielded a p-value of 0.73.

Table 4.

Soccer skills performance results following the CHO and placebo soccer match trials.

Variable

Trial

CHO

Placebo

15.50*1.09

15.59*1.71

Receiving skill (score of 10)

9.00*1.60

8.75*1.75

Shooting skill (seconds)

0.95*0.32

1.16*0.10

Shooting skill (score of 10)

7.75*1.04

7.63*1.60

Dribble skill (seconds)

CHAPTER FIVE

The purpose of the current exploration was to assess the effectiveness of carbohydrate
supplementation on soccer skill proficiency of female soccer players. We discovered that consumption of a
7% dextrose solution during a 90-min 4 vs. 4-soccer match resulted in non-signiScant differences in
performance during post-match skills testing. Ratings of perceived exertion values were similar as were
the majority of the responses from the Exercise Induced Feeling Inventory. The most significant
differences were found in blood glucose concentrations. The CHO trial resulted in substantial elevations in
blood glucose concentration compared to the placebo trial.
Analysis of our data revealed that Hypothesis One was proven true. There were no considerable
distinctions in skill test scores for shooting, dribbling, and receiving the ball between the two experimental
conditions. Performance averages (see table 5.1) did not represent a great improvement in ability when
carbohydrate was ingested. These results are consistent with the outcome of another soccer-related study
conducted by Zeederberg et al (1996). The authors of that research examined the impact of a 6.9
%caibohydrate-electrolyte solution consumed 15 minutes before a match and at halftime on players’ ability
to tackle, head, dribble, and shoot the ball. Overall successes in tackling, dribbling, heading, and shooting
the ball had a tendency to be slightly lower in the carbohydrate state than the placebo. More specifically
success with carbohydrate intake in tackling was diminished from 63-8% to 53*12% and successes in
heading, dribbling, and shooting were reduced from 43*6% to 37*7%. These differences were not
significant. In both groups success in passing improved from a range of 61-63% in the first half to 68-69%
in the second half of the contest. Ball control ability increased from 72-73% to 76-81% between the two
halves. The similar responses were likened to the absence of hypoglycemia. Blood glucose concentrations
did not drop below 5 mmol/L. The authors also suggested that muscle glycogen depletion is associated a
slower game-pace and/or a drop in work rate. Subsequently players cover less distance and walk more.
Consequently, ability in successful ball passing and control increased. In the current study no
measurements of game pace were made, thus it is unknown if players paced themselves to spare glycogen.
Ekblom (1986) also arrived at a similar conclusion when data were collected on physiological
characteristics of the game and the response by male players in Sweden. It was observed in a study by
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Karlsson (1969) that muscle glycogen content in the vastus lateralis decreases quickly throughout
the duration of a 90-minute match. By the end of the game aU subjects had virtually no glycogen left. Film
analysis of the game revealed that players with the shortest supply of glycogen at half-time ran at a slower
speed and covered less groimd. Ekblom also reports that both aerobic and anaerobic performance is
impaired when glycogen stores are low Thus, exercise capacity during a soccer game will be reduced,
especially during the second half. This may be an explanation for the shorter distances covered at higherintensity speeds.
Subjective Ratings of Perceived Exertion between the trials were similar with no substantial
differences throughout the exercise period between CHO and placebo conditions. These results are
partially in accord with Coggan and Coyle (1988) who also compared the effects of CHO to placebo during
high-intensity exercise for more than two hours. They discovered that although RPE increased
significantly during exercise, there were no considerable differences between the treatments. RPE changed
very little during the first two hours of the placebo trial but throughout the third hour values increased
swiftly

Carbohydrate ingestion only served to decrease and postpone elevated values dining the final

stages of activity. At the time of exhaustion RPE was very high (18-1) in both conditions. Wilber and
Moffat (1992) also surveyed ratings of perceived exertion when they examined the effects of carbohydrate
ingestion on runners. 10 male distance runners performed two experimental running trials to exhaustion.
At regular intervals the subjects either drank a 7% carbohydrate solution or a placebo beverage. Unlike the
findings in the present investigation, they discovered that the carbohydrate run yielded significantly lower
responses (14.5-2.3) compared to the placebo run (15-2.4). The discrepancy between our outcome and
those of the other studies is attributable to the fact that we had no method to quantify subjects’ self-selected
exercise intensity. Therefore we do not know if participants decided to play harder which resulted in
similar RPE. It is also possible, that the 90-minute length of a soccer game, with intermittent short rest
periods, does not deplete muscle and blood glucose levels below critical values Meeting performance
The inconsistency between our results and those of Wilber and Moffat (1992) may be due to the
mode and intensity of the exercise. Subjects in the current study performed high-intensity, intermittent
exercise of a dination less than two hours and never reached complete exhaustion. In addition, the intensity
was more self-selected. The subjects in Wilber and Moffat’s (1992) s tu ^ were required to run at a
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constant speed, which was 80% of their VO2 peak. As Wilber and Moffat suggested, and in reference to a
study by Williams et al. (1990), the similar responses by the subjects in our soccer study may be due to the
fact that they could control physiological and psychological stresses associated with exercise.
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CONCLUSION

The results of the current investigation suggest that performance of soccer skills after a 90-minute
match is not significantly enhanced when carbohydrates are consumed. Blood glucose was, however,
remarkably elevated during the CHO trial. This suggests that skills performance is not favorably affected
by carbohydrate loading compared to a non-loaded state after a non-competitive match. Muscle glycogen
stores, even in a somewhat depleted state, were sufiicient to allow for similar performances in the two
experimental conditions. The elevated blood glucose concentrations in the carbohydrate loaded
circumstance were not enough to show significant improvement in skill test proficiency. These findings
may be translated into a game situation. Skills performance in the latter stages of a match may not be
significantly improved by carbohydrate supplementation.
The outcomes of the Exercise-Induced Feeling Inventory demonstrates that mental
responses to acute bouts of exercise are imaffected by carbohydrate supplementation during exercise.
Enhanced blood glucose concentrations generally have no substantial effects on subjects mental responses
to acute exercise. However, feedback on the positive response associated with feelings of enthusiasm,
happiness, and being upbeat is favorably affected. Responses correlating to feeling tired, worn-out, or
fatigued are also affected when carbohydrates are absent as a supplement during the latter stages of
exercise. Fatigue will subside and athletes will feel more upbeat when carbohydrate siqjplementation is
provided. Further investigation into the effect of CHO supplementation on the pace of the game is
warranted as is investigation into the effect of pre-game glycogen store levels on game performance.
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Summary.-'Y\Às random, double-blind, repeated measures study examined the eifects of ingesting a
carbohydrate (CHO) beverage on the skill performance of soccer players from a collegiate varsity soccer
team following an intra-squad match 90 minutes in duration. E ^ t femaleS^mean age=22.25±4.77 years,
mean body weight = 65.57± 7.06 kg) volunteered as subjects. Using a double blind, repeated measmes
design, players ingested either a 1% carbohÿdràf^.7 g kg’’ BW, dextrose solution) or placebo solution
before the match (time 0) and at regular intervals (22:30,45:00,82:30) during the match and immediately
following the match (time 105:00). Although blood glucose showed a significant increase during each trial,
concentration was significantly higher at half time (66.0 *16.7vs. 94.9* 20.3 mg dl ' for the placebo and
CHO trials, respectively) and following the match (70.0*9.6 vs. 95.0*13.5 mg dl ' for the placebo and CHO
trials, respectively) dttring the CHO trial. Regardless, CHO ingestion did not improve shooting, dribbling
or receiving ability during a standardized skills test conducted immediately following the match. Ratings
of Perceived Exertion (RPE) were similar between the CHO and placebo trials. Perceptual measures from
the Exercise-Induced Feeling Inventory (EFI) indicated that subjects experienced no sigrrificant differences
in revitalization or tranquihty scales between trials. Positive engagement ^ow ed a significant increase
from pre to post match values for both trials but was not significantly different between trials. Ratings of
physical exhaustion were significantly increased dming the placebo trial (1.7±0.8 and 2.6±0.9 for pre and
^ post match, respectively) yet remained rmchanged during the CHO trial (2.5±0.9 and 2.2±1.3 for pre and
post rnatch, respectively). These data indicate that although CHO ingestion maintains blood glucose and
may decrease ratings of physical exhaustion, the benefits of CHO traditionally associated with endurance
exercise may be less applicable dprhlg the skjl)$ of sppcer.
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Soccer is a game that involves varying degrees of exercise intensity

Heavy physiological

demands, both aerobic and anaerobic, are placed on athletes during a 90-minute match. These demands are
similar between both genders (Davis & Brewer, 1993). A change in type or level of activity occurs
approximately once every 6 seconds. However, the majority of the exercise associated with soccer is at a
submaximal intensity Wisloff, Helgerud, & Hoff (1998) state that several studies have indicated that the
average intensity of a soccer match is approximately equivalent to the lactate threshold. Sprints occur about
once every 90 seconds whereas, high-intensity efforts such as slide tackling, jumping, or recovering from a
fall to the grotmd occur once every 30 seconds. These high-intensity efforts constitute the anaerobic
component of soccer. Rest periods occur an average of 3 seconds for every 2 minutes of exercise. Field
players cover an estimated 8-12 km during a typical match (Reilly, 1997). Higher cahber or elite players
may cover about 10 km during a match (WislofiF, Helgerud, & Hoff 1998). However, only 2% of that
distance includes possession of the ball. The remainder of the activity is performed off the ball. A variety
of different activities are performed while covering this distance including explosive activities such as
jumping, kicking, turning, tackling, sprinting, and sudden changes of pace. Forcefiil muscle contractions
are also required for balance and ball control, especially against a defender.
A select number of physiological responses associated with match play have been documented in
previous research. Reilly (1997) demonstrated that the average heart rate of a soccer athlete during an
actual game was 165 beats min ', approximately 75% VOzmax. The mean peak VO2 for eUte soccer
athletes has been reported to between 55-65ml kg^ min ' (Wisloff, Helgerad, & Hoff, 1998). There is some
evidence that suggests the physiological demands are specific to player position (forward, midfielder, and
defender). The midfield position necessitates more activity and therefore higher endurance requirements in
comparison to other positions. Previous research has shown that midfielders have a higher peak VO2
(expressed relative to total body weight) compared to players of other positions (Davis et al as cited in
Wisloff, Helgerud, and Hoff 1998).
Despite the 100+ year history of soccer, there is limited research on the physical requirements and
optimal training conditions for soccer.

The majority of time spent in the sport is devoted to the

development of technical skills. The small amount of research that does exist fæuses primarily on the
physiological responses of males during a soccer match. Women’s soccer is now firmly established as a
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sport at all levels and only a minimal number of studies have examined the female responses during play
(Davis & Brewer, 1993). These investigations suggest the physical requirements for both males and
females are similar (Worthington, 1980, as cited in Davis and Brewer, 1993). Females compete at similar
exercise intensity as evidenced by heart rate. Soccer specific training also is associated with an increase in
peak VO2 and anaerobic capacity and lower extremity muscular strength and power. Variations between
male and female players are limited to differences m body fat percentages and the menstrual cycle.
In addition to the acute physiological aspects of the game, nutritional factors associated with peak
performance must also be considered. As with any athlete, soccer players must eat a well-balanced diet
that includes fats, proteins, carbohydrates, vitamins, minerals, and water. A sufficient amount of energy is
required to support daily activities along with the training needs of an athlete. Soccer training is considered
a high-intensity activity. The total energy expenditure of males has been estimated between 3150-4300
kcal/day whereas females expend slightly less due to variations in fat firee mass (Clark, 1994). However,
nutritional and hydration issues surrounding a typical practice and match play must also be considered.
Numerous studies have found that carbohydrate ingestion both prior to and during aerobic exercise
improves performance (Coggan & Coyle, 1988; Hargreaves, Costill, Coggan, Fink, & Nishibata, 1984;
Rauch, et al, 1995; Wilber & Moffat, 1992). However, the exercise modes that have been evaluated in
these studies have been hmited to long-distance running and cycling. Therefore, additional information
regarding the appropriate use of CHO ingestion during skill oriented competition requires Anther attention.
The piupose of this study was to determine the effects of liquid CHO ingestion on the
maintenance of blood glucose and skill ability of National Collegiate NCAA female soccer athletes
following a simulated match. The specific skills of shooting accuracy, timed dribbling, and shooting
accuracy were the focus of the skills test.

In addition, the influence of CHO on blood glucose

concentrations, RPE, and ratings of tranquility, positive engagement, revitalization, and physical
exhaustion from the Exercise-Induced Feelings Inventory were also determined.
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METHOD
Subjects
The subjects for this investigation consisted of 8 female collegiate athletes and coaches from the
women’s varsity soccer team at the University of Montana. All subjects participated on a volunteer basis
and were required to read and sign a University of Montana Human Subjects Committee-approved
iirformed consent form prior to testing. The participants also completed a health history questioimaire to
document physical activity patterns. All subjects were screened to insure that they were free from physical
conditions that may have been aggravated by this study

Participants were required to refrain from

consumption of alcoholic or cafFeinated beverages in the 12 hours prior to the exercise trials (soccer
matches). In addition, subjects were required to fast for 12 hours prior to exercise testing.

Blood Sampling
Blood samples were collected and analyzed for glucose concentration prior to the onset of the exercise trial
using the Accu-Chek Advantage portable glucose monitor (Roche Diagnostics, Indianapolis, IN). A drop
of blood was obtained from finger pricks. The blood samples were applied to test strips and analyzed
immediately Additional samples were collected and analyzed at minutes 45:00 (mid match) and 105:00
(post match).

Fluids
Ingested fluids consisted of a 7% dextrose solution provided at a rate of O.Tgrams CHO kg BW ' hr’’ and a
placebo solution provided at the same times and volumes. Equal fluid volumes were ingested prior to and
immediately after each match as well as at time-points 22:30, 45:00, and 82:30. The placebo solution was
prepared using an artificial sweetener (saccharine). An equal amount of orange colored food dye was
added to each of the solutions to match them for color. Treatment order was randomized and completed in
a double blind design.
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Skills Test
Although the five basic skills of shooting, dribbling, passing, heading, and receiving are performed in a
soccer match, only three of these were selected for this study

The abilities of shooting, dribbling, and

receiving were measured in the skills test (see Table I). This skills test battery was modified from a test
developed for sport students by W. Kuhn in 1978. Kuhn’s test was selected as a model for testing in this
study as it has shown to be reliable and vahd for the objective evaluation of skill performance (Van
Rossum & Wijbenga, 1991). Kuhn’s test is comprised of goal kicking for accuracy, passing for accuracy,
timed slalom dribble, juggling and a circuit drill. To minimize trial learning, the entire skills test was
performed on two separate occasions following a regularly scheduled team practice, prior to the two
experimental trials.
Originally the shooting segment of the skills test was strictly an accuracy trial. Each subject
started 25 yards away from the goal with a ball at her feet. On the word “go” the subjects dribbled the ball
as fast as possible while maintaining control to -12 yards from the goal line. A shot was taken into either
of the lower comers.

Goal hangers were placed 2 yards in from each post and cones were placed

underneath to ensure shots were aimed at the comers. Each subject had to repeat the procedure nine more
times for a total of ten shots.
The dribbling section was also a strictly timed trial taken directly from Kuhn’s test. A total of
nine cones were placed 3 yards apart in a straight line. On the word “go” the participant dribbled the ball,
again while maintaining control, in between the cones slalom style as fast as possible. The time was
recorded in seconds. Each athlete completed this task once for each day of exercise testing.
The initial receiving requirement required each subject to stand in the middle of a 4 x 6 yard grid
facing the front A volunteer researcher stood 10 yards from the front of the grid and served the ball in an
overhead fashion to the subject. As the ball was served, the subject was to meet the ball while still in the
air and bring it to the ground in one touch. With the ball on the ground the subject played the ball out of
the front of the grid. This process was repeated njpe more times for a total of 10 balls served. The total
number of balls properly received and played out was scored. In order to maintain consistency between
trials, the same voltmteer served the balls to the subjects during both trials.
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Upon recommendation of the coaching staff, the test battery was further modified after the pre
trial skills test to make the testing situation comparable to conditions players would encounter during a
match. A time variable was added to the shooting test to force the subjects to shoot in more of a highpressure situation. Ten shots on goal were completed in 1:00 or less to simulate the conditions under which
most shots are taken during competition. The receiving trial was also altered to simulate a competition
environment. Rather than allow the subject to stand stationary in the middle of the grid and receive the
ball, the participant stood at the rear of the grid. As the ball was passed subjects quickly moved to the
center of the grid to meet the ball and successfully bring it to the grormd.

Insert Table 1 about here

Questionnaire
In addition to the physical skills and physiological measmes assessed, subjective ratings of perceived
exertion (RPE) and exercise-induced change in feelings were also evalirated.

Subjects completed the

Exercise-Induced Feeling Inventory, developed by Gairvin and Rejeski (1993), at various times throughout
each experimental match. The EFI allows for the measiue of mental response to an acute bout of physical
activity. Foru sub-scales (positive engagement, revitahzation, tranquility, and physical exhaustion) attempt
to provide a comprehensive feelings inventory associated with acute periods of physical activity.
Enthusiastic, happy, and upbeat were associated with positive engagement. Energetic, refreshed, and
revived described the revitalization subscale. TranqrriUty was defined by calm, peaceful, and relaxed.
Physical exhaustion was linked with tired, worn-out, and fatigued. Subjects completed the 12-item srrrvey
at minute 0:00, minute 45:00, and minute 105:00. Each sub-scale includes the 3 previously mentioned
independent adjectives that describe firom 0 (do not feel) to 4 (feel very strongly) feelings associated with
perceptual changes that may occitr in response to exercise.

The final score for each sub-scale item

(tranquility, physical exhaustion, revitalization, positive engagement) was obtained by averaging the
numerical ratings for the three adjectives within a particular subscale.
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Exercise Protocol
On each of the two exercise testing trials, subjects reported for testing at 0730 following a 12-hour
overnight fast. Subjects completed a twenty-minute light warm-up exercise period that consisted of low
intensity jogging and hght work with the ball (passing and dribbling). Prior to the experimental period, the
initial blood samples were collected after a standardized three-minute rest period. Following the collection
of the initial blood sample, the first EFI questionnaire was completed and the first beverage was provided.
The subjects were randomly selected for each team and the intra-squad scrimmage began on a 35 yard x
44-yard field. The simulated match consisted of two 45-minute halves with a 15-minute halftime break to
allow for subsequent data collection. All data was gathered as outlined in the preceding sections.

Statistical Analysis
Each dependent variable (blood glucose concentration, RPE, and each of EFI sub-scales) was evaluated
over time and across trial using apriori, planned comparisons. By convention, the number of uncorrected
planned comparisons is limited to the degrees of freedom for the difference among the means (k-1). When
the number of comparisons exceeded k-1, the alpha level was adjusted to maintain the experiment-wise
error rate at 0.05.

For the dependent variables of blood glucose, aid each EFI-sub-scale, seven

comparisons were desired. However, the degrees of freedom for each of these variables was 5. Therefore,
alpha was adjusted [(desired alpha level x degrees of freedom)/desired number of comparisons, (0.05 x 5)/7
= 0.0357]. For the dependent variable of RPE, four comparisons were desired. However, the degrees of
freedom was three. Therefore alpha was adjusted, (0.05 x 3)74=0.0375. A repeated measures, 1 within
(TRIAL) ANOVA was used to determine the differences between the trials on the components of the skills
test (shooting accuracy, shooting time, dribbling proficiency, and receiving ability).
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Results

Tlie most noteworthy of the results in the current investigation was the blood glucose response
during the CHO and placebo exercise trials. Mean glucose concentration (mgdL"’) for the CHO soccer
trial was 83.9*23.54 while the average for placebo was 62.1*16.0. Figure 1 illustrates the differences in
blood glucose throughout the entire exercise bout. Blood glucose was significantly higher at all timepoints
during the CHO trial. P-values for pre, mid and post time points were p=0.037, p=0.0001, and p=.0002,
respectively.

Insert Figure 1 About Here

Ratings of Perceived Exertion (RPE) during the experimental trials were not different between
trials. Table 2 expresses the means and SD for RPE. Although there was a subtle increase in perceived
exertion during the CHO match trial, it was not significantly different firom earlier values. The changes in
RPE during the placebo trial were also not significantly different throughout the match.

Insert Table 2 About Here

The subjective ratings from the Exercise-induced Feelings Questionnaire did not differ between
the CHO and placebo soccer match trials (see table 3). For the tranquility and revitalization subscales, there
were no differences between trials or across the times during the match. However, the positive engagement
subscale showed a significant increase from pre to post for both the CHO and placebo trials. The subscale
for physical exhaustion showed a significant increase during the placebo trial from pre to post. However,
there were no changes in the ratings of physical exhaustion during the CHO trial.

Insert Table 3 About Here

In spite working with subjects following a 12-hour fast to decrease muscle glycogen content prior
to the skills test analysis of scores for all three skills revealed that supplemental CHO did not change skill
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abilities of subjects performing shooting, dribbling, or receiving. Statistical comparisons of the scores from
the post-match skills test battery indicated no significant differences between the two experimental
conditions. Mean scores for each variable are depicted in table 4.
Insert table 4 here

Discussion

The purpose of the current study was to assess the effectiveness of carbohydrate supplementation on soccer
skill proficiency of female soccer players. We discovered that consumption of a 7% dextrose solution
(.7gkg ' body weight) during a 90-min, 4 vs. 4 soccer match resulted in significant differences in blood
glucose concentrations. Blood glucose concentration was elevated during both trials. The most sigitificant
increase in blood glucose occurred during the CHO trial where the greatest differences occurred at half
time and after the match. Our blood glucose data agrees with that of several studies conducted during
exercise.

Hargreaves et al (1984) studied 10 males during 4 hours of cycling to determine the response to

solid carbohydrate feedings at regular intervals on muscle glycogen utilization and exercise performance.
They discovered that twenty ntinutes after each CHO feeding blood glucose values were significantly
higher in the experimental trial when compared to the control trial. However, fifty minutes post feeding
there was no difference in blood glucose between the trials. At the 230* minute differences became
apparent as the glucose in the control trial steadily declined while glucose concentration was better
maintained during the carbohydrate trial (CHO=4.5^.2 mmoH ' vs. control=3.9^.2; P<0.05). Wilber and
Moffatt (1992) studied the effects of carbohydrate ingestion on blood glucose and performance in runners.
Ten male distance runners performed two randomly ordered treadmill trials to exhaustion. The subjects
drank a 7% carbohydrate solution or a placebo beverage before exercise and at 15-minute intervals
throughout activity. The results demonstrated that mean blood glucose concentration was greater (p<0.05)
during the CHO run (5.6*0.9mMol) than the placebo run (5.0*0.7 mMol). In addition, during the CHO run
mean blood glucose concentration was elevated above baseline values at 15 min of exercise and increased
by 2.0-0.5 mmolT' until exhaustion. Throughout the placebo trial average blood glucose levels were
elevated above baseline values beginrting at 30 minutes of exercise and increased by 0.8-0.6 mmol l ’ until
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exhaustion. Bangsbo, Norregaard, and Thorsoe (1992) determined the effects of carbohydrates on
intermittent exercise performance. Seven professional, male soccer athletes performed a maximal treadmill
trial and an intermittent exercise bout to exhaustion. Athletes consumed either a prescribed diet enriched
with carbohydrates (CHO-diet) or a mixed diet (C-diet) for two days. Exercise testing took place on the
third day of the diet regimen. Blood glucose concentrations were lower in the CHO-diet (4.5 mmol 1“')
than the C-diet (4.8 mmol 1“') prior to treadmill running. However during the early portion of the running
glucose levels were higher after the CHO-diet but almost identical during the final stages exercise (5.2
mmol r ’ for the C-diet and 5.1 mmol 1“' for the CHO-diet).
Subjective Ratings of Perceived Exertion between the trials were similar with no substantial
difierences throughout the exercise period between CHO and placebo conditions.

These results are

partially in accord with Coggan and Coyle (1988) who also compared the effects of CHO to placebo during
high-intensity exercise for more than two hours.

They discovered that although RPE increased

significantly during exercise, there were no considerable differences between the treatments. RPE changed
very little during the first two hours of the placebo trial but throughout the third hour values increased
swiftly.

Carbohydrate ingestion only served to decrease and postpone elevated values during the final

stages of activity. At the time of exhaustion RPE was very high (18*1) in both conditions. Wilber and
Moffat (1992) also surveyed ratings of perceived exertion when they examined the effects of carbohydrate
ingestion on runners. 10 male distance runners performed two experimental nmning trials to exhaustion.
At regular intervals the subjects either drank a 7% carbohydrate solution or a placebo beverage. Unlike the
findings in the present investigation, they discovered that the carbohydrate run yielded significantly lower
responses (14.5* 2.3) coippared to the placebo run (15*2.4). The discrepancy between our outcome and
those of the other studies is attributable to the fact that we had no method to quantify subjects’ self-selected
exercise intensity. Therefore we do pot know if pqrtiçipants decided to play harder which resulted in
similar RPE. It is also possible that the 90-ppppte length of a socçer gpipe, with intermittent short rest
periods, does not deplete muscle and blood glucose Içyels helow critical vafpes affecting perfrmnmice.
The scores obtained from the skills testing are also wpfth mentiqpipg There werç no differences
between the trials for shooting, dribbling, and receiving scores. It is inconcjgspe w jie t^ tllÇ carbohydrate
ingestion did not enhance skill performance or the lack of carbohydrate simply did not impair performance.
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These results are consistent with the outcome of another soccer-related study conducted by Zeedeiberg et al
(1996). During this study in males, the impact of a 6.9% carbohydrate-electrolyte solution on players’
ability to tackle, head, dribble, and shoot the ball was evaluated. Overall successes in tackhng, dribbUng,
heading, and shooting the ball had a tendency to be slightly lower during the carbohydrate trial compared to
placebo. More specifically, success with carbohydrate intake in tackling was diminished from 63-8% to
53-12% and successes in heading, dribbling, and shooting were reduced fi'om 43-6% to 37-7%. These
difierences were not significant. In both trials, success in passing improved from a range of 61-63% in the
first half to 68-69% in the second half of the contest. B A control abihty increased from 72-73% to 7681% between the two halves. The similar responses were likened to the absence of hypoglycemia. Blood
glucose concentrations did not drop below 5 mmol l '\ The authors also suggested that muscle glycogen
depletion is associated with a slower game-paee and/or a drop in work rate. As glycogen stores diminish
throughout the duration of a match, players cover less distance and walk more. Furthermore, ability in
successfiil ball passing and control may have increased as a result of the decreased pace of the game. In the
current study no measurements of game pace were made, thus it is unknown it players paced themselves to
spare glycogen.
Ekblom (1986) also arrived at a similar conclusion when data were collected m relation to
physiological characteristics of the game as well as the response of Swedish male players. It was observed
in a study by Karlsson (1969) that muscle glycogen content in the vastuS lateralis decreases quickly
throughout the duration of a 90-minute match. By the end of the game all subjects had depleted muscular
glycogen stores. Film analysis of the game revealed that players with the shortest supply of glycogen at
half time ran at a slower speed and covered less ground. Ekblom also reports that both aerobic and
anaerobic performance is impaired when glycogen stores are low. Thus, exercise capacity during a soccer
is likely compromised, especially during the second half. This may be an explanation for the shorter
distances covered at higher-intensity speeds.
Although glycogen was not measured in this study, there is ample data reporting the effects of
exhausted glyeogen levels in skeletal muscle. Jacobs et al (1982) studied the effects of match play on
muscular glycogen levels and the degree of repletion. Jacobs concluded that two days following the match,
glycogen levels were increased to a value lower than that of a sedentary individual. However, more
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relevant to this investigation was the discovery that performance was impaired due to the diminished
quantities of glycogen in the muscle. Based on the findings of Saltin (1973), Jacobs reported that players
with decreased glycogen levels covered less ground at a slower speed during a match than control players
with higher concentrations of muscle glycogen. Jacobs (1981) also examined the effects of glycogen
depletion in relation to maximal intensity exercise and found that performance was impaired in the
exhausted state. Lower initial levels of muscle glycogen may diminish playing performance during intense,
aerobic sports such as soccer. It may also be suggested that the initial level of muscle glycogen may be the
primary determinant to match performance in contrast to the maintenance of blood glucose during the
match.
The inconsistency between our results and those of Wilber and Moffat (1992) may be due to the
mode and intensity of the exercise. Subjects in the current study performed high-intensity, intermittent
exercise of a duration less than two hours and never reached complete exhaustion. In addition, the intensity
in the present study was self-selected by each participant.

The subjects in Wilber and Moffat’s (1992)

study were required to run at a coiistant speed equivalent to 80% of their VO2 peak.

CONCLUSION

The results of the current investigation suggest that performance of soccer skills after a 90-minute
match are not significantly enhanced when liquid carbohydrate is consumed regardless of an increase in
circulating concentrations of blood glucose.

These data also suggest that skills performance is not

favorably affected by carbohydrate loading compared to a non-loaded state after a non-competitive match.
Muscle glycogen stores, even in a somewhat depleted state, therefore appear sufficient to allow for similar
perform^tPe (htring the two experimental conditions. Soccer skill performance in the latter stages of a
match may pot be significantly improved by carbohydrate supplementation.
T^e outcomes of the Exercise-Induced Feeling Inventory demonstrates that mental responses to
acup bouts of exercise are unaffected by carbohydrate supplementation during exercise. Enhanced blood
glucose concentrations generally have no substantial effects on subjects mental responses to acute exercise.
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However, feedback on the positive response associated with feelings of enthusiasm, happiness, and being
upbeat is favorably affected. Responses correlating to feeling tired, worn-out, or fatigued are also affected
when carbohydrates are absent as a supplement during the latter stages of exercise. Fatigue will subside and
athletes will feel more upbeat when carbohydrate supplementation is provided. Further investigation into
the effect of carbohydrate supplementation on the pace of the game is warranted as is investigation into the
effect of pre-game glycogen store levels on game performance.
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Figure 1. Blood glucose response during the CHO and placebo soccer rfiatch
trials. *p<0.05 vs. pre match values, tp<0.05 vs. placebo match time point
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Table 1.

Skill Test

Summary of the soccer-skills test battery.

Description

Dribbling

Subjects dribbles the ball slalom-style in
bebveen cones placed 3 yards apart as fast as
possible

Shooting

Athletes start with ball 25 yards out from goal.
Dribble to 12-yard line and shoot into either
corner. 10 shots must be completed in 1:00 or
less.

Receiving

Subject stands at rear of 4yx6y grid. The ball is
passed from 10 yard away and player runs to
middle of grid to meet ball and successfully
bring it to the ground.

Dependent
Variable

Time

Time and accuracy

Accuracy
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Table 2.

Ratings of perceived exertion during the CHO and placebo soccer match trials.
*p<0.05 vs. pre match values, tp<0.05 vs. placebo match time point

Trial

Time Points
Mid

Post

CHO

14.1±1.6

15.1±1.0

Placebo

14.2±1.0

14.1±1.2
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Table 3.

Subjective ratings from the Exercise Feelings Inventory (EFl) during the CHO and
placebo soccer match trials.

Trial

Time Points
Pre

Mid

Post

REVITALIZATION
CHO

0.894)62

1.206*0.92

1.04*1.05

Placebo

1.07*0.46

1.12*1.15

1.21*1.11

CHO

2.96*0.71

2.37*1.02

2.58*0.58

Placebo

2.64*0.69

2.16*1.07

2.58*0.88

CHO

1.27*0.89

1.58*0.87

2.12*0.76*

Placebo

1.16*0.57

1.21*1.25

1.91*1.22*

CHO

2.58*0.98

2.33*1.18

2.21*1.31

Placebo

1.75*0.81

2.42*0.96

2.58*0.87*

TRANQUILITY

POSITIVE ENGAGEMENT

PHYSICAL EXHAUSTION

*p<0.05 vs. pre match values

61

Table 4.

Soccer skills performance results following the CHO and placebo soccer match
trials.

Variable

Trial

CHO

Dribble skill (seconds)

Placebo

15.50±1.09

15.59*1.71

Receiving skill (score of 10)

9.00*1.60

8.75*1.75

Shooting skill (seconds)

0.95*0.32

1.16*0.10

Shooting skill (score of 10)

7 75*1.04

7.63*1.60
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Appendix D
Skills Test Illustratioris
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smm

Dribbling
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Shooting

65

Receiving
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Appendix E
Statistical Results of Skills Testing, RPE, and Blood
Glucose Data
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Shooting(time)

Shooting(accuracy)

Dribbling

Receiving

Mean
Placebo
1.163
CHO
0.948
Placebo
7.625
CHO
7.75
Placebo
15.588
CHO
15.495
icebo 8.75
CHO
900

SD

P-Value

0-095

0.0894

0.318
1.6

07318

1 04
1.71

0.9092

1.09
1.75
1.6

Table 1—Skill test scores of both experimental
trials

0.6491
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P-value
mid vs. post Placebo
mid vs. post CHO
Placebo mid vs.
CHO mid

0.0805
0.8059
0.8059

Placebo
CHO

Mean
14.625
14.188

SD
1.41
111

Mid
Post

14.188
14.625

1.33
1.2

Placebo,
Mid
Placebo, Post
CHO, Mid
CHO, Post

14.125

1.64

15.125
14.25
14.125

0.99
1.04
1.25

Table 2—Comparison o f RPE values between the
timepoints and trials
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BLOOD GLUCOSE P-Value
0.0371
0.0001
0.0002

Pre vs. Pre
Mid vs. Mid
Post vs. Post
pre vs. mid
pre vs. post
Pre vs. mid
Pre vs. post
CHO
Time
pre
mid
post
Trial x
Time
Placebo, pre
Placebo, mid
Placebo, post
CHO, pre
CHO, mid
CHO, post

Placebo
Placebo
CHO
CHO

00075
0.0016
0.0001
0.0001
Mean
83.917

SD
23 54

56.0625
80.438
82 5

17.93
23.34
17.16

50.25
66
70
61.875
94.875
95

14.79
16.68
9 58
19.82
20 3
13 5

Table 3—Blood glucose concentrations in
mg/dL
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Appendix F
Statistical Results of the EFI
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Revitalization
P-value
Post vs. post
pre vs. mid Placebo
pre vs. post Placebo
pre vs. post CHO
pre vs. pre

0.5681
0.8629
0.6453
0.6002
0.5258

CHO

Mean
1 045

SD
0 85

Time
pre
mid
post

0 98
1.164
1.123

0.54
1 01
1 05

1.073
1.123

046
1.15

1206

111

0.888
1.206
1.04

0.62
0.92
1.05

Trial X
Time
Placebo, pre
Placebo,
mid
Placebo,
post
CHO, pre
CHO, mid
CHO, post

Table 1—Responses for the Revitalization
subscale o f the EFI
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Positive Engagement
pre vs.
pre vs.
pre vs.
pre vs.

mid Placebo
post Placebo
mid CHO
post CHO

P-value
0.8817
0 0236
0.3179
0.0125

Trial
Placebo
CHO

Mean
1.426
166

SD
1 07
0.88

Time
pre
mid
post

1.21
1.393
2.018

0.72
105
0 99

1.16
1.205

0.57
1.23

1.974

1.22

1.273
1.58
2.123

0.89
0.87
0.76

Trial x
Time
Placebo, pre
Placebo,
mid
Placebo,
post
CHO, pre
CHO, mid
CHO, post

Table 2—Values for the responses of the
Positive Engagement subscale of the EFI
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Physical
Exhaustion
P-value
pre vs.
mid
pre vs.
post
pre vs.
mid
pre vs.
post

Placebo

0.0955

Placebo

0 0424

CHO

0.5224

CHO

0.3386

Trial
Time
pre
mid
post
Trial x Time
Placebo, pre
Placebo, mid
Placebo, post
CHO, pre
CHO,
mid
CHO,
post

Mean

SD

2.162
2 37
2 393

09 7
1.04
1.09

1.748
2.415
2.581
2.576
2.331

0.81
0.96
0.87
09 8
1.19

2.206

1.31

Table 3—EFI responses for the Physical
Exhaustion subscale
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Tranquility
P-

pre vs. mid CHO
pre vs. post CHO

vaiue
0.088
0.256 y

Trial
Placebo
CHO

Mean
2.46
2.638

SD
0.88
0.8

Time
pre
mid
post

2.8
2.268
2,581

07
1.01
0.72

Trial x Time
Placebo, pre
Placebo, mid
Placebo, post
CHO, pre
CHO, mid
CHO, post

2.638
2.164
2.58
2.963
2.371
2.581

0.67
1.07
0.88
0 71
1.02
0.58

Table 4—Tranquility ratings for the
EFI
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Appendix G
Raw Data
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SKILL TEST SCORES

Dribbling Trial A
Subject
16.62
I
2
14.34
3
15 32
14
4
5
16.81
15.56
6
14.56
7
17.94
8

Shooting Trial A
Subject accuracy
7/10
1
5/10
2
9/10
3
8/10
4
5
9/10
6
8/10
7
8/10
6/10
8

Receiving Trial A
Subject
1
10/10
10/10
2
3
10/10
4
8/10
10/10
5
6
6/10
8/10
7
9/10
8

Dribbling Trial B
1
2
3
4
5
6
7
8

time
1:10
1:27
1:14
1:14
1:20
1:30
1:10
1:16

16.82
17 16
13.37
14.5
14.5
17.07
15.88
14.22

Shooting Trial B
accuracy
1
8/10
2
7/10
10/10
3
7/10
4
9/10
5
8/10
6
8/10
7
6/10
8

Receiving Trial B
1
2
3
4
5
6
7
8

10/10
7/10
10/10
9/10
10/10
5/10
10/10
10/10

time
0:54
1:18
1:02
0:58
0:59
1:31
1:18
1:07
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BLOOD GLUCOSE CONCENTRATION
(mg/dL)
#2

#1

Trial A
Subject

67
68
38
32
63
37
37
35

1
2
3
4
5
6
7
8

RPE VALUES
Trial A
Subject
#1
1
2
3
4
5
6
7
8

#3
59
100
82
83
61
72
54
56

80
78
83
67
64
72
54
62

15
15
16
16
15
15
16
15

13
14
16
15
14
13
13
14

3JECT DATA

1
2
3
4
5
6
7
8

77
56
54
61
88
46
53
85

#2

#1

1
2
3
4
5
6
7
8

age

wt(kg)

age(mean)

20
21
18
33
20
25
20
21

70.2
57.25
62.55
65.9
67.2
57.75
64.55
79.15

22.25*4.77

#2

#1

1
2
3
4
5
6
7
8

Trial B
Subject

#2
15
12
16
16
12
15
15
14

Trial B
Subject

wt(kg)mean
65.57*7.06

13
13
16
13
13
13
15
15

#3
116
127
62
112
80
53
83
87

113
92
77
103
106
78
102
89
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Appendix H
Sample EFI Form
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